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Indication Tigecycline for injection is a tetracycline-class antibacterial drug 
indicated in patients 18 years of age and older for:

• Complicated skin and skin structure infections 

• Complicated intra-abdominal infections 

• Community-acquired bacterial pneumonia 

Dosage and 
Administration

• Initial dose of 100 mg, followed by 50 mg every 12 hours 
administered intravenously over approximately 30 to 60 
minutes. 

• Severe hepatic impairment (Child Pugh C): Initial dose of 100 
mg followed by 25 mg every 12 hours.

Background
Fresenius Kabi submitted a 505(b)(2) New Drug Application (NDA) dated 07/31/2013 for 
Tigecycline for Injection, 50 mg/vial, which is currently FDA-approved for the treatment of 
complicated skin and skin structure infections, complicated intra-abdominal infections, and 
community-acquired bacterial pneumonia in patients 18 years of age and older. The strength, 
route of administration, dosage regimen of the Sponsor’s tigecycline product are identical to those 
of the reference listed drug (RLD), TYGACIL® (tigecycline) for Injection (NDA 21821; 
approved in 2005, manufactured by Wyeth Pharmaceuticals, Inc). The formulation of the 
proposed product substitutes L-arginine (82.6 mg/50 mg tigecycline) for the lactose monohydrate 
(100 mg/50 mg tigecycline) contained in TYGACIL. A comparison of the proposed product and 
reference listed drug is presented in Table 1.
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Single Dose
100 mg
(N=224)

Multiple Dosea

50 mg every 12h
(N=103)

Cmax (mcg/mL)b 1.45 (22%) 0.87 (27%)
Cmax (mcg/mL)c 0.9 (30%) 0.63 (15%)
AUC (mcg•h/mL) 5.19 (36%) - -
AUC0-24h (mcg•h/mL) - - 4.7 (36%)
Cmin (mcg/mL) - - 0.13 (59%)
t½ (h) 27.1 (53%) 42.4 (83%)
CL (L/h) 21.8 (40%) 23.8 (33%)
CLr (mL/min) 38 (82%) 51 (58%)
Vss (L) 568 (43%) 639 (48%)

    a 100 mg initially, followed by 50 mg every 12 hours 
    b 30-minute infusion 
    c 60-minute infusion

Distribution 

The in vitro plasma protein binding of tigecycline ranges from approximately 71% to 

89% at concentrations observed in clinical studies (0.1 to 1 mcg/mL).  The steady-state 

volume of distribution of tigecycline averaged 500 to 700 L (7 to 9 L/kg), indicating 

tigecycline is extensively distributed beyond the plasma volume and into the tissues. 

Following the administration of tigecycline 100 mg followed by 50 mg every 12 

hours to 33 healthy volunteers, the tigecycline AUC0-12h (134 mcg•h/mL) in alveolar 

cells was approximately 78-fold higher than the AUC0-12h in the serum, and the 

AUC0-12h 

(2.28 mcg•h/mL) in epithelial lining fluid was approximately 32% higher than the 

AUC0-12h in serum.  The AUC0-12h (1.61 mcg•h/mL) of tigecycline in skin blister 

fluid was approximately 26% lower than the AUC0-12h in the serum of 10 healthy 

subjects. 

In a single-dose study, tigecycline 100 mg was administered to subjects prior to 

undergoing elective surgery or medical procedure for tissue extraction.  Concentrations at 

4 hours after tigecycline administration were higher in gallbladder (38-fold, n=6), lung 

(3.7-fold, n=5), and colon (2.3-fold, n=6), and lower in synovial fluid (0.58-fold, n=5), 

and bone (0.35-fold, n=6) relative to serum.  The concentration of tigecycline in these 

tissues after multiple doses has not been studied. 
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Elimination

Metabolism 

Tigecycline is not extensively metabolized.  In vitro studies with tigecycline using 

human liver microsomes, liver slices, and hepatocytes led to the formation of only trace 

amounts of metabolites.  In healthy male volunteers receiving 14C-tigecycline, 

tigecycline was the primary 14C-labeled material recovered in urine and feces, but a 

glucuronide, an N-acetyl metabolite, and a tigecycline epimer (each at no more than 

10% of the administered dose) were also present. 

 Excretion

The recovery of total radioactivity in feces and urine following administration of 14C-

tigecycline indicates that 59% of the dose is eliminated by biliary/fecal excretion, and 

33% is excreted in urine.  Approximately 22% of the total dose is excreted as unchanged 

tigecycline in urine.  Overall, the primary route of elimination for tigecycline is biliary 

excretion of unchanged tigecycline and its metabolites.  Glucuronidation and renal 

excretion of unchanged tigecycline are secondary routes. 

Specific Populations 

 Hepatic Impairment 

In a study comparing 10 patients with mild hepatic impairment (Child Pugh A), 10 

patients with moderate hepatic impairment (Child Pugh B), and 5 patients with severe 

hepatic impairment (Child Pugh C) to 23 age and weight matched healthy control 

subjects, the single-dose pharmacokinetic disposition of tigecycline was not altered in 

patients with mild hepatic impairment.  However, systemic clearance of tigecycline was 

reduced by 25% and the half-life of tigecycline was prolonged by 23% in patients with 

moderate hepatic impairment (Child Pugh B).  Systemic clearance of tigecycline was 

reduced by 55%, and the half-life of tigecycline was prolonged by 43% in patients with 

severe hepatic impairment (Child Pugh C).  Dosage adjustment is necessary in patients 

with severe hepatic impairment (Child Pugh C) [see Use in Specific Populations (8.6) 

and Dosage and Administration (2.2)]. 

 Renal Impairment 

A single dose study compared 6 subjects with severe renal impairment (creatinine 
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clearance < 30 mL/min), 4 end stage renal disease (ESRD) patients receiving tigecycline 

2 hours before hemodialysis, 4 ESRD patients receiving tigecycline 1 hour after 

hemodialysis, and 6 healthy control subjects.  The pharmacokinetic profile of tigecycline 

was not significantly altered in any of the renally impaired patient groups, nor was 

tigecycline removed by hemodialysis.  No dosage adjustment of tigecycline is necessary 

in patients with renal impairment or in patients undergoing hemodialysis.

Geriatric Patients 

No significant differences in pharmacokinetics were observed between healthy elderly 

subjects (n=15, age 65 to 75; n=13, age > 75) and younger subjects (n=18) receiving a 

single 100 mg dose of tigecycline.  Therefore, no dosage adjustment is necessary based 

on age [see Use in Specific Populations (8.5)]. 

Pediatric Patients 

A single-dose safety, tolerability, and pharmacokinetic study of tigecycline in pediatric 

patients aged 8 to 16 years who recently recovered from infections was conducted.  The 

doses administered were 0.5, 1, or 2 mg/kg.  The study showed that for children aged 12 

to 16 years (n = 16) a dosage of 50 mg twice daily would likely result in exposures 

comparable to those observed in adults with the approved dosing regimen.  Large 

variability observed in children aged 8 to 11 years of age (n = 8) required additional 

study to determine the appropriate dosage. 

A subsequent tigecycline dose-finding study was conducted in 8 to 11 year old patients 

with cIAI, cSSSI, or CABP.  The doses of tigecycline studied were 0.75 mg/kg (n = 17), 

1 mg/kg (n = 21), and 1.25 mg/kg (n=20).  This study showed that for children aged 8 to 

11 years, a 1.2 mg/kg dose would likely result in exposures comparable to those observed 

in adults resulting with the approved dosing regimen [see Dosage and Administration 

(2.3)].

Gender 

In a pooled analysis of 38 women and 298 men participating in clinical pharmacology 

studies, there was no significant difference in the mean (± SD) tigecycline clearance 
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between women (20.7 ± 6.5 L/h) and men (22.8 ± 8.7 L/h).  Therefore, no dosage 

adjustment is necessary based on gender. 

Race 

In a pooled analysis of 73 Asian subjects, 53 Black subjects, 15 Hispanic subjects, 190 

White subjects, and 3 subjects classified as “other” participating in clinical pharmacology 

studies, there was no significant difference in the mean (± SD) tigecycline clearance 

among the Asian subjects (28.8 ± 8.8 L/h), Black subjects (23 ± 7.8 L/h), Hispanic 

subjects (24.3 ± 6.5 L/h), White subjects (22.1 ± 8.9 L/h), and “other” subjects (25 ± 4.8 

L/h).  Therefore, no dosage adjustment is necessary based on race. 

Drug Interactions Studies

Digoxin
Tigecycline (100 mg followed by 50 mg every 12 hours) and digoxin (0.5 mg followed 

by 

0.25 mg, orally, every 24 hours) were co-administered to healthy subjects in a drug 

interaction study.  Tigecycline slightly decreased the Cmax of digoxin by 13%, but did not 

affect the AUC or clearance of digoxin.  This small change in Cmax did not affect the 

steady-state pharmacodynamic effects of digoxin as measured by changes in ECG 

intervals.  In addition, digoxin did not affect the pharmacokinetic profile of tigecycline.  

Therefore, no dosage adjustment of either drug is necessary when tigecycline is 

administered with digoxin. 

Warfarin
Concomitant administration of tigecycline (100 mg followed by 50 mg every 12 

hours) and warfarin (25 mg single-dose) to healthy subjects resulted in a decrease in 

clearance of R-warfarin and S-warfarin by 40% and 23%, an increase in Cmax by 38% 

and 43% and an increase in AUC by 68% and 29%, respectively.  Tigecycline did not 

significantly alter the effects of warfarin on INR.  In addition, warfarin did not affect 

the pharmacokinetic profile of tigecycline.  However, prothrombin time or other 

suitable anticoagulation test should be monitored if tigecycline is administered with 

warfarin. 

In vitro studies in human liver microsomes indicate that tigecycline does not inhibit 

metabolism mediated by any of the following 6 cytochrome P450 (CYP) isoforms: 1A2, 
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2C8, 2C9, 2C19, 2D6, and 3A4.  Therefore, tigecycline is not expected to alter the 

metabolism of drugs metabolized by these enzymes.  In addition, because tigecycline is 

not extensively metabolized, clearance of tigecycline is not expected to be affected by 

drugs that inhibit or induce the activity of these CYP450 isoforms.
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No new clinical pharmacology information was submitted in this application, and the applicant 
has submitted a request for waiver of the regulatory requirement for bioavailability as outlined in 
21 CFR 320.21. Please refer to the Office of New Drug Quality Assessment (ONDQA) 
Biopharmaceutics review for further evaluation of the request for waiver of bioavailability 
requirements.

Recommendation
The Office of Clinical Pharmacology, Division of Clinical Pharmacology 4 has reviewed the 
application. No new clinical pharmacology information was submitted. Thus, this application is 
acceptable from a clinical pharmacology perspective. There are no clinical pharmacology 
recommendations for labeling.
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BIOPHARMACEUTICS REVIEW
Office of New Drug Quality Assessment

Application No.: NDA 205645
Reviewer:  Elsbeth Chikhale, PhDSubmission Date: July 31, 2013

Division: DAIP
Team Leader:  
Angelica Dorantes, PhD

Applicant: Fresenius Kabi USA, LLC
Acting Supervisor:
Richard Lostritto, PhD

Trade Name: TBD Date 
Assigned: August 2, 2013

Established Name: Tigecycline for Injection Date of 
Review: March 11, 2014

Indication: For the treatment of complicated 
skin and skin structure infections, 
complicated intra-abdominal 
infections, and community-
acquired bacterial pneumonia

Type of Submission: Original New 
Drug Application – 505(b)(2)

Dosage form/
Strengths:

Lyophilized powder/
50 mg/vial

Route of 
Administration: IV injection

Type of Review: Biowaiver Request

SUBMISSION:

The Applicant is seeking approval for a New Drug Application (NDA) for tigecycline under 
section 505(b)(2) of the Federal Food, Drug, and Cosmetic Act. This NDA presents safety and 
efficacy information supporting the use of the Applicant’s intravenous tigecycline product in the 
treatment of complicated skin and skin structure infections, complicated intra-abdominal 
infections, and community-acquired bacterial pneumonia in patients 18 years of age and older. 
The proposed drug product, tigecycline for injection, 50 mg/vial, is a sterile lyophilized dosage 
form for intravenous (IV) infusion over a period of 30 to 60 minutes.  The tigecycline 
concentration, indication, dosage form, route of administration, dose, and dosing regimen for the 
proposed drug product are identical to those of the listed drug Tygacil® (NDA 021821).  

BIOPHARMACEUTICS INFORMATION:

The Applicant is requesting a waiver for in-vivo bioavailability/ bioequivalence requirements for 
Tigecycline for Injection based on 21 CFR § 320.22(b).   
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administered would be significantly less than the L-arginine dose consumed on a typical day from 
the diet.  The Applicant has also provided a summary of their literature search indicating that the 
significant difference between the pharmacologically active L-arginine dose (6 g iv) and that 
expected from the proposed product suggests that the dose of L-arginine administered from the 
proposed product would be too low to significantly alter hemodynamics or elimination of 
tigecycline. Therefore, the Applicant claims that it can be assumed that the substitution of L-
arginine for lactose monohydrate would not be expected to alter systemic exposure to tigecycline, 
due to altered hemodynamics or renal function.

Reviewer’s Assessment of the Biowaiver Request:
The submission did not include information showing how the differences in the formulations 
(proposed vs. the listed) affected the osmolality and the pH of the proposed drug product.  
Therefore, the Applicant was asked (Information Request dated 1/24/2014) to provide
comparative pH and osmolality data on the proposed and the listed drug products. The Applicant 
was also asked to justify any observed difference in these parameters.

Applicant’s Response (dated 2/28/2014) to FDA’s Information Request (dated 1/24/2014):
According to the package insert of Tygacil®, each vial of Tygacil® can be reconstituted with 5.3 
mL of 0.9% Sodium Chloride Injection, USP, 5% Dextrose Injection, USP, or Lactated Ringer’s 
Injection, USP to achieve a concentration of 10 mg/mL. The reconstituted solution needs to be 
transferred and further diluted for intravenous infusion. The maximum concentration (worst case) 
in the intravenous bag should be 1 mg/mL. 

Based on the administration instructions, a comparative study between Fresenius Kabi USA’s 
(FK USA) Tigecycline for Injection and Wyeth’s Tygacil® was conducted to evaluate pH and 
osmolality in all three diluents immediately after reconstitution and after large volume parenteral
(LVP) preparation at the maximum 1 mg/mL concentration that a patient would be administered.   
The results are presented in the table below.

Comparison of pH and Osmolality between 
Fresenius Kabi USA Tigecycline for Injection and Wyeth Tygacil®
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The overall results indicate that, 
1) There is no significant observable difference in pH between FK USA’s Tigecycline for 

Injection and Wyeth’s Tygacil® immediately after reconstitution or at the maximum 
intravenous infusion concentration of 1 mg/mL, which a patient would be administered and, 

2) There is no significant observable difference in osmolality between FK USA’s Tigecycline for 
Injection and Wyeth’s Tygacil® at the maximum intravenous infusion concentration of 1 
mg/mL which a patient would be administered. There is roughly a 100 units of osmolality 
difference between the reconstituted 10 mg/mL FK product and RLD; however, the drug will 
never be administered at this concentration.

Reviewer’s Overall Assessment of Responses and Biowaiver Request: SATISFACTORY

The Applicant provided adequate information demonstrating that the differences in the proposed 
formulation vs. the listed drug did not affect the osmolality or the pH of the proposed drug 
product, once it is diluted to at least 1 mg/mL.   In addition, the Applicant provided a summary of 
literature search showing that the dose of L-arginine from the proposed product would be very 
low to significantly alter the hemodynamics or elimination of tigecycline.  

In conclusion, considering the fact that tigecycline has a good solubility in water together with
the overall information for the pH, osmolality, and pharmacological activity of L-arginine, there 
is adequate scientific evidence supporting the approval of the in vivo BA/BE waiver request for
the proposed tigecycline for injection administered by the IV route, and therefore the Applicant’s 
Biowaiver request for their proposed tigecycline for injection product administered by the IV 
route is acceptable and the Biowaiver is GRANTED.

OVERALL  RECOMMENDATION: 

ONDQA-Biopharmaceutics had evaluated the overall information supporting the biowaiver 
request and considers that the Applicant’s request for a waiver of the CFR’s requirement to 
provide data from an in vivo bioequivalence study for the IV route of administration is acceptable 
and the Biowaiver is granted.  

From the Biopharmaceutics perspective, NDA 205645 for Tigecycline for Injection (50 mg/vial) 
is recommended for APPROVAL.

Signature                                                                  Signature  
Elsbeth Chikhale, Ph.D.                                            Angelica Dorantes, Ph.D.
Biopharmaceutics Reviewer                                      Biopharmaceutics Team Leader 
Office of New Drug Quality Assessment                 Office of New Drug Quality Assessment
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